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CONSIDERATION OF AERODYNAMIC IMPACT IN SETTING
THE MAXIMUM PERMISSIBLE SPEEDS OF HIGH-SPEED TRAIN

Purpose. Studies of the effect of aerodynamic pressure on the maximum permissible speeds of a high-speed
train on the existing railway infrastructure. Methodology. The study of the magnitude and direction of the
aerodynamic pressure, its effect on the maximum speeds of a high-speed train was carried out on a train model
composed of axisymmetric bodies with conical forms of head and tail parts. Findings. Determined the values of the
aerodynamic pressure at different distances from the train are, when the high-speed train moves at a speed of
200 km/h or more. The maximum speeds of a high-speed train are determined taking into account the state of the
infrastructure of the existing railway, ensuring the safe operation of a high-speed railway. Originality. Theoretical
studies of aerodynamic pressure from secondary air currents formed during the movement of high-speed trains are
performed on a model of a train composed of identical axisymmetric bodies with conical forms of head and tail
moving in a compressible medium. The results of the research allow the regularity of the change in aerodynamic
pressure during the movement of a high-speed train. Practical value. The obtained results allow to establish:
1) the maximum permissible speeds of a high-speed train taking into account the technical condition of permanent
devices and structures of the existing railway infrastructure; 2) technical parameters of individual objects and
structural elements of the infrastructure of high-speed iron subjected to the effect of aerodynamic pressure for
a given maximum speed of high-speed trains.

Keywords: railway transport; high-speed train movement; aerodynamics; aerodynamic pressure; railway
infrastructure; maximum speeds; technical parameters

Conducted the experimental and theoretical
research directed carried out are aimed at obtaining
information on the speed, direction of the
secondary air currents and aerodynamic pressure
arising from the movement of high-speed trains;
assessment of their impact on the railway
infrastructure facilities, surrounding nature, as well
as on people; Security and comfort to passengers
[1-4]. According to the results of experimental
studies, determined the dependences of the
aerodynamic drag on the speed [5]; the interaction
of a moving high-speed train with objects located
along the railway, including trains moving along
a parallel path [3, 4, 6-8]; the physics of the
formation of aerodynamic flows in separate parts

Introduction

Half a century of experience in the operation of
high-speed railroads, the results of numerous
theoretical and experimental studies have shown
that with an increase in speed, the character of the
aerodynamic field around a moving high-speed
train, the magnitude and vector of air currents
change dramatically. The resulting air flows have
a negative impact on the environment, worsening
the safe functioning of the system «high-speed
railway — the environment (or surrounding
objects)».

The study of air flows generated by trains at
high speeds is an urgent task of ensuring safety on

high-speed railways.

of a moving high-speed train [5, 9].
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Theoretical studies performed on the model of
a high-speed train as an axisymmetric body made it
possible to establish the magnitude and velocity
vector of secondary air currents, as well as
aerodynamic effects on railway infrastructure
objects and people [10].

Providing traffic safety for trains and
passengers; uninterrupted operation of the entire
infrastructure of high-speed railway is the main
condition for the organization of high-speed and
high-speed passenger train traffic. A high degree of
security is usually provided at all stages of creating
a high-speed highway, i.e. is laid during the design,
is provided during construction and is implemented
in the course of operation of the infrastructure of
high-speed railways. This task is relevant in the
design of high-speed train traffic on existing
railways, which were designed for the maximum
speed of passenger trains of 120—-160 km/h.

Since, on existing lines, high-speed traffic is
possible after a large-scale reconstruction and
modernization of permanent facilities and
structures of the existing infrastructure, when
designing a high-speed traffic organization using
the existing railway infrastructure, the maximum
permissible speeds for a high-speed train for each
facility should be set separately taking into account
their technical condition.

Purpose

To ensure the safe operation of a high-speed
railway, it 1is necessary to consider the
aerodynamic impact on people and railway
infrastructure objects as one of the main safety
criteria for high-speed passenger train traffic, since
a train moving at high speed exerts aerodynamic
impact on each i-th object by the P, ;value.

In this case, the technical state of the
i -th object allows him to perceive the impact with
the maximum permissible value of P, without

reducing the safety level of movement high-speed
trains.

In connection with the foregoing, in order to
ensure the safe operation of a high-speed railway

on all sites or structural elements of the
infrastructure of the existing path, the condition
Pmaxi SPperi' (1)

Since, according to Bernoulli’s law, the
aerodynamic pressure varies directly in proportion
to the speed of the air flow V, created by the

movement of a high-speed train, let us consider the
theoretical aspects of establishing the value of the
maximum train speed ensuring the fulfillment of
condition (1).

Methodology

The aerodynamic impact, strength and
directivity of pressure on an object depend on the
maximum speed and duration of the air flow, the
spatial location, availability and proximity of the
railway infrastructure objects relative to a moving
high-speed train.

For each i-th object (or its structural element)
of the infrastructure of the existing railway, it is
possible to compute a design scheme of the effect
of aerodynamic pressure on it (Fig. 1). In all
calculation cases, for a known distance B from
a moving high-speed train to an object and the
maximum permissible impact that a given P

peri
object can perceive, it is necessary to determine the
speed of the high-speed train V7, and hence the

1

airflow rate V. that satisfies condition (1).

Thus, the task of determining the aerodynamic
impact on object i is reduced to determining the
speed of the secondary airflow V), directly at

the i-th object when the high-speed train moves at
aspeed V,,

axi *

As the development of earlier studies [10] the
distribution of the air flow and the determination of
its velocity along a moving high-speed train, we
investigate on a model of a train consisting of a
locomotive and 2n wagons. Locomotive and
wagons are presented as an axisymmetric body
with streamlined forms of the head and tail parts
moving in a compressible (acoustic) medium [10].

To simplify the calculations, we assume that
the locomotive and all wagons in the cross section
have the same shape, i.e. Consist of a circular
cylinder with the same shape of the head and tail in
the form of cones (Fig. 2).

The axisymmetric wave equation of the
aerodynamic field near a high-speed train
consisting of a locomotive and 2rn wagons is
solved both for a train consisting of one single
wagon [8].
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Fig. 1. Calculation schemes for the location of high-speed train and facilities:
a — «train-man-object»; b — «train-passenger on the platform-object»;
¢ — «train-passenger on the platform-train»

Fig. 2. Scheme of a high-speed train with a locomotive and 2n wagons

In the given case, we consider the function
f(z) for each wagons can be represented in the

form f,(z), where the index i indicates the

ordinal number of the wagons from the center of
the train ( j =0 corresponds to the number of the

middle car), the index j on the geometric shape of
the part of the wagons. If we assume that the
wagon consists of three geometric parts, i.e. Head,
cylindrical, tail parts, then j=1,2,3 (j=1
corresponds to the cylindrical part, j=2 the tail
part, j =3 the head part).

The propagation of an acoustic wave in the air
medium can be represented by the equation (2)
with the boundary conditions (3) and (5) [10]. The
condition that the component along the velocity
axis of the medium on the boundary of the half-
space be zero, in contrast to equation (4) [11],
takes the following form

%:O at y=—h—R- f(2). 2

To find the solution of the equation, the method
of sources was used [11]. Considering the function
o(r,z) satisfying (2), the boundary conditions (3),

(5) [9] and (2), the solution in [10] can be
represented in the form

(2n+1)L

1 J‘ q(&)dg .
A _onni(E—2)” +air?

Where ¢(z) — is the power of the source

distributed over the surface of the moving body
within 0<r < f;(z), -(2n+1)L<z <(2n+1)L.

For an axisymmetric body from formula (3) to
[12], it can be asserted that
do_, a() @
or 2nr
Since the problem is symmetrical with respect
to the axis 0z, a high-speed train consists of a
locomotive and 2n wagons, the equation of the

surface of the body r=f,(z), as well as the

power of the source from each car g(z) and its

components can be recorded separately.
For the cylindrical part of the car:

¢, = 3)

at r—0.

at 2nL— Ly <z<2nL+L, and

2nL+ L)) <z<—(2nL-L,) fu=R q=0.
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For the head and tail parts of the wagon located
up to the middle of the train:

at 2nL+Ly<z<(2n+1)L

for =Yol@n+ 1)L -2z] q =2V fy2:

and —-2n+1)L<z<—-(2nL+ L))

Sz =Yol@n+ DL+ 2]

For the head and tail parts of the wagon located
behind the middle of the train:
at 2n+1)L<z<(2n+1)L+L,

q= 27TV0Y§fn,2 .

fis=Yolz=Qn+1D)L]  q=-2mv¥e fos5

v Yz n | Qi+)L
(Pl i _%{Zl: J.

(Qi+1)L

Qi+1)L—-¢

(z+ ?;)2 +a’r?

i=0| 2iL+L,

£—(Q2i-1)L

and —H@2n+1)L+ Lj[<z<-2n+1)L

s ==1ol@n+ 1L+ 2] q=-210Y0 /5
For example, for a wagon i=1 and its part

j=2 as: 2L+Ly<z<3L; f,=7,3L-2);

q= _ZnVoYéflr

Taking into account the symmetry of the
problem with respect to the variable z, the power
of the source from each car and its components
q(z), equation (3) can be represented in the

following form

- M&,H
2iL+L, (Z—E,)+a2r2

2iL-1L,

£—(2i-1)L

2| n | 2iL-Ly
v,
P
2 i=1| (2i-1)L

We introduce a new variable r, =7, (x, y,z)

expressed by the formula

ry =2+ 2h+ 2R+ )P . (6)

And consider the total potential presented in the
form

¢, =, (r,2) + @ [7;(x.,2),2) . (7

The function ¢, (x,y,z) satisfies the boundary
condition (2), and the function
¢, =@y[r;(x.y,2),z] satisfies equations (4) only for

Yo=0. Assuming 7y, a small parameter and

S ="YoSoy the function

setting

(2i+1)L

Qi+1)L-¢

o | [
___0 —
Por = 2 Z 2 2 2 dg I
i=0 | 2it+r, A(Z+E) +aA’F 2L+L,

(z+8&) +a’r?

E—(2i-1)L

] o

Ur, =1/ % +[27,/y,(2) + 2h+ 2R+ T, we can
of this

@z =€) +a’r?

expand in powers
1 1

I

b X 200 Sy (2) + 204 )T

1,2 g

h Ul

parameter as

where 7 =\/x2 +(2h+2R+y)* .

If we substitute expression (8) into (5), then
formula (7) takes the form

@, =Yo[ 0o, (7, 2) + 0y, (1,2) + Y@, +-1,  (9)

where

2i+1)L-¢ d&} N

(z-&)+a’r’

2iL-1I,

v | 2L,
o > I

i=1| (2i-1)L

(z+&) +a’r’

w_md% 10

ety (z =€) +a’r?
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In the sum of potentials (9), the first The components of the velocity vector of air
approximation is a function ¢, that satisfies particles can be determined by the following
equation (6) [10] and boundary condition (2). formulas
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The absolute speed of the air flow constitute by
the system of high-speed train cars when it moves
at a steady speed at an arbitrary point M (X, y, z)
can be defined as

v= Vi v+ (15)

The airflow pressure can be determined from
formula

0
Ap = _po_q) = povo[

0,(r.2) , 09,(1,2) ]. (16)
Y oz .

1974

Findings

As an example, the establishment of the
maximum permissible speed of a high-speed train
for a protected rail crossing is considered.

In this case, the most vulnerable object to the
effect of aerodynamic pressure is the duty guard on

the guarded crossing. In the calculations it is
assumed that a high-speed train consists of a
locomotive and four wagons, i.e. n=2, the length
of the locomotive and wagons L =25m, the total

length of the train L, =125m, R=2m,

po=1.2kg/m’, the speed of the train v, is

assumed to be 160, 200, 250, 350, 400 km/h. For
visual study of the influence between wagons
space on the magnitude of aerodynamic pressure,
space was artificially created.

Based on the results of the calculations, graphs
are constructed of the change in the aerodynamic
pressure of the air flow during the passage of
a high-speed train at a speed of 200 km/h along the
duty room of the guard on the guarded crossing

(Fig. 3).
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Fig. 3. Graphs of the change in aerodynamic airflow pressure versus time:
a — with closed and b — open between wagon spaces

Analysis of the graphs shows that in both cases
the negative pressure is greater than the positive
one. The reliability of these calculations is
confirmed by the results of previous experiments
in the US, Russia, Sweden. The effect between the
wagons space on the magnitude of the negative
(suction) aerodynamic pressure is clearly visible in
the graph shown in Fig. 3, b. On the railways of
individual states, the movement of dual high-speed
trains is practiced. With sufficient streamlining of
the head and tail wagons, in places the pairing of
trains produces a negative aerodynamic pressure,
the value of which considerably exceeds the value
of the excess pressure. Similar graphs can be
constructed for other velocities and distances.

Thus, it can be argued that in order to ensure
the safe operation of the railway infrastructure, it is
necessary to take into account the aerodynamic
flows and pressures in their independence.

Using the results of calculations, it is also
possible to construct a curve for the dependence of
the magnitude of aerodynamic pressure on the
speed of trains and the distance to the considered
point Pn.x (Fig. 4), similarly to Fig. 3 [7]. Using
these dependencies, you can set the maximum
permissible speed of a high-speed train along an
object. Suppose that in the considered calculation
case the permissible value of the aerodynamic
impact on the moving attendant is known, which
according to the sanitary norms should not exceed
100 PA. In this case, the distance on which the
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office space is located is regulated by the C
dimension in accordance with GOST 9238 and
should be at least 2.45 m from the track axis. Using
the curve P.x shown in Fig. 4, one can find the
intersection point of the lines corresponding to the

aerodynamic pressure of 100 PA and a distance of
2.45 m, i.e. Train speed.

Thus, when a high-speed train moves at
a maximum speed of 150 km/h, the corresponding
condition (1) will be satisfied by the value of this
point, i.e. safety of the shift attendant.
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Fig. 4. The curves of the dependence of aerodynamic pressure on the speed
of trains (V) and the distance to the object (B)

Originality and practical value

Theoretical studies of aerodynamic pressure
from secondary air currents formed during the
movement of high-speed trains are performed on
a model of a train composed of identical
axisymmetric bodies with conical forms of head
and tail moving in a compressible medium. The
results of the research allow us to establish the
patterns of variation in aerodynamic pressure
during the movement of a high-speed train.

Conclusions

The obtained results allow to establish:

— the maximum permissible speed of a high-
speed train, taking into account the technical
condition of permanent devices and structures of
the existing railway infrastructure;

— technical parameters of individual objects
and structural elements of high-speed iron
infrastructure  subjected to the effect of
aerodynamic pressure for a given maximum speed
of high-speed trains.

The proposed method can be used in the
practice of designing high-speed train traffic both
on existing and newly constructed railways.
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YUYET ABPOJJUHAMUYECKOI'O BO3JIEMCTBUSI IIPU
YCTAHOBJEHUU MAKCUMAJBHO-JIOITYCTUMBIX CKOPOCTEN
ABU/KEHUSA BBICOKOCKOPOCTHOI'O ITIOE3 1A

Hean. B paborte mnpennosaraercsi MPOBECTH MCCIENOBAHUS BIMSHUS a’pOJMHAMHUYECKOTO JaBJICHUS Ha
MaKCUMAJIbHO-IOITY CTUMbBIE CKOPOCTH JBHKECHHS BBICOKOCKOPOCTHOTO 1T0€3/1a 10 CYLIEeCTBYIOLIEH HHPPACTPYKType
Kene3Hoi goporu. Meroauka. VccienoBaHne BeNMYMHBI W HANPABICHUS a3pPONMHAMUYECKOTO JABJICHHS, €ro
BIIMSIHAE Ha MaKCHMAaJIbHBIE CKOPOCTH BBICOKOCKOPOCTHOTO IO€371a MPOBEACHO Ha MOJENH 10€3/a, COCTABICHHOTO
U3 OCECHMMETPHYHBIX TeJl ¢ KOHHYECKHMH (OpMaMH TOJOBHBIX M XBOCTOBBIX 4yacTeil. Pe3yabTaThl. OnpeneneHsl
3HAYCHUs adPOJMHAMHYECKOIO [JaBICHHMSA Ha DAjIMYHOM pACCTOSHMM OT T1O0€3[a IpU  JBHKEHUH
BBICOKOCKOPOCTHOT'O IMoe3/1a o ckopocThio 200 kM/4 1 OoJiee. Y CTaHOBICHBI MaKCUMAIIbHBIC CKOPOCTH JBIIKCHHS
BBICOKOCKOPOCTHOT'O 10€3/1a C YU4ETOM COCTOSTHHSI OOBEKTOB MH(PPACTPYKTYPHI CYIIECTBYIOIIEH JKEIEe3HON JI0POTH,
4TO obecrieunBaer Oe3omacHoe (yHKIIMOHHPOBaHKE BBICOKOCKOPOCTHOM KeJIe3HOU JIOPOTH.
Hayuynasi HoBu3Ha. TeopeTnueckne HCCIIEOBaHUS a’3pPOAMHAMUYECKOTO IABJICHHUS OT BTOPHYHBIX BO3IYIIHBIX
MOTOKOB,  00pa3yeMbIX MpU  JBIKCHHH  BBICOKOCKOPOCTHBIX  IO€310B,  BBIIOJHEHBI HAa  MOJEIH
10e371a, COCTaBJIICHHOTO M3 OJWHAKOBBIX OCECHMMETPHYHBIX Tl C KOHMYECKUMH (OPMaMH TOJIOBHBIX
M XBOCTOBBIX 4YacTe, ABHXKYIIETrocs B CKMMaeMOW cpene. Pe3ynbTaThl MCCIENOBaHUH MO3BOJSIOT YCTAaHOBHTh
3aKOHOMEPHOCTH HM3MCHEHHUS a’pOANHAMHYECKOTO JABJICHMS TpPU JBIDKCHHHM BBICOKOCKOPOCTHOTO MOE3Ja.
IIpakTHyeckas 3HAYMMOCTb. [loNydeHHBIC PE3yJbTaThl MO3BOJSIIOT YCTAHOBHUTH: 1) MaKCHMabHO-AOITYCTHMBIC
CKOPOCTH BBICOKOCKOPOCTHOT'O I0€3/1a ¢ yYETOM TEXHHYECKOT'O COCTOSHHMS MOCTOSHHBIX YCTPOMCTB M COOPY)KEHUH
cymiecTBylomel HHGPACTPYKTYpPHl JKEIE3HBIX JOpOTr; 2) TEXHWYECKHE I1apaMeTphl OTHENbHBIX OOBEKTOB
U KOHCTPYKLHOHHBIX 3JIEMEHTOB HH(PACTPYKTYPHl BBICOKOCKOPOCTHBIX JKEJIE3HBIX JOPOT, II0JBEPraroluXcCs
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BPAXYBAHHSA AEPOINHAMIYHOI'O BIIVIUBY ITPH
BCTAHOBJIEHHI MAKCUMAJIbHO-IIEPEIBAYEHUX
MBUJIKOCTEH PYXY BUCOKOIIBUAKICHOTI'O IOTATY

Merta. Y poboti nependadaeTsCs MPOBECTH AOCIHTIIKEHHS BIUTUBY aepPOIMHAMIYHOTO THCKY Ha MaKCHMAITbHO-
JOMyCTAMI  IIBHAKOCTI PyXy BHCOKOIIBHAKICHOIO TOI3Ay MO ICHYIOYil iHQpacTpyKTypi 3ai3HHUIN.
Metonuka. JlOCIHiDKeHHS BEIMYMHHM Ta HAIpPAMKY AepOAMHAMIYHOIO THCKY, HOro BIUIMBY HAa MAaKCHMaJbHi
IIBUIKOCTI BHUCOKOLIBHIKICHOTO MOi3y NPOBEACHO Ha MOENI IMoi3/la, CKIaAEHOr0 3 OCECUMETPUYHHUX TUI i3
KOHIYHUMH (POpMaMH TOJIOBHHX 1 XBOCTOBHX 4acTHH. Pe3yibTaTi. Bu3HaueHO 3HaUeHHS aepOIUHAMIYHOTO THCKY
Ha pI3HIA BiJCTaHi BiJ MOI3Aa NMpH pyci BHCOKOMIBHIKICHOTO Noi3aa 31 mBuikicTio 200 xm/rox i Oinblie.
BcraHoBneHO MakCHMalbHI IIBHJIKOCTI PyXy BHCOKOUIBHIKICHOTO TOI3ZIa 3 ypaxyBaHHSIM CTaHy 0O’ €KTiB
iHpPacTPYKTypH iCHYI0YOI 3ali3HMI, 1m0 3a0be3neyye Oe3rneuHe (QyHKIIOHYBaHHS BHCOKOIIBHJIKICHOT 3aJi3HHMII.
HaykoBa HoBm3Ha. TeopeTW4Hi JOCHI/DKEHHS aepoAMHAMIYHOIO THCKY BiJI BTOPMHHHX IOBITPSHHX IOTOKIB,
YTBOPCHUX TPU Pyci BUCOKOIMIBHIKICHMX IIOI37[iB, BUKOHAHI Ha MOJEIN TOi3[a, CKIAJeHOTO 3 OJHAKOBHX
OCECUMETPHYHUX TiNl i3 KOHIYHMMH (DOPMaMHU TOJIOBHHMX i XBOCTOBHX YAacTHH, IO PYXa€ThCS B CTHCKYBAaHOMY
cepeloBHILI. Pe3ynpraTé NOCHIIKEHb J03BOJISIOTH YCTQHOBHUTH 3aKOHOMIPHOCTI 3MIHM aepOJMHAMIYHOTO THCKY
MpH pyci BUCOKOMBHIKICHOTO Toi3na. IIpakTuyna 3HaunMicTb. OTpuMaHi pe3ynbTaTd T03BOJSIOTH BCTAHOBUTH:
1) MakCHMMaIbHO-IOIYCTUMI MIBUAKOCTI BHCOKOUIBUAKICHOTO MM0{3/1a 3 YpaxyBaHHSAM TEXHIYHOTO CTaHY IOCTIHHUX
NPUCTPOIB 1 CHOpyA ICHYHOUOi 1HQPACTPYKTYpH 3ali3HHIb; 2) TEXHI4HI MapaMeTpu OKpeMHX OO0’€KTIB Ta
KOHCTPYKLIHHUX  €JIEMEHTIB IH(QPACTPYKTYpPU BHCOKOIUBUJIKICHMX 3ali3HHUIb, [0 IIJJAIOThCS  BIUIMBY
AepOJMHAMIYHOTO THUCKY IPH 33/1aHOMY 3HaYeHHI MaKCUMaJIbHOT IBHJIKOCTI PyXy BUCOKOIIBH/IKICHUX MOI3/IB.

Kniouosi cnosa: 3ami3HWYHAN TpPaHCIOPT; BUCOKOIIBHAKICHUHA PyX TOI3ZiB; aepoJMHaMIKa; acpOoAWHAMIYHUHA
TUCK; THPPACTPYKTYpa 3aTi3HMIII; MAKCUMAJIbHI IIBHIKOCTI; TEXHIYHI TApaMEeTPH
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